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Dental caries is a major worldwide oral disease problem in children. Although caries are known to be
influenced by dietary factors, the disease results from a bacterial infection; thus, caries susceptibility may be
affected by host factors such as salivary antimicrobial peptides. This study aimed to determine a possible
correlation between caries prevalence in children and salivary concentrations of the antimicrobial peptides
human beta-defensin-3 (hBD-3), the cathelicidin LL37, and the alpha-defensins HNP1-3 (a mixture of HNP1,
2, 3). Oral examinations were performed on 149 middle school children, and unstimulated whole saliva was
collected for immunoassays of the three peptides and for assay of caries-causing bacteria in saliva. The median
salivary levels of hBD-3, LL37, and HNP1-3 were in the microgram/ml range but were highly variable in the
population. While levels of LL37 and hBD-3 did not correlate with caries experience, the median HNP1-3 levels
were significantly higher in children with no caries than in children with caries. Children with high caries levels
did not have high levels of salivary Streptococcus mutans, and the HNP1-3 level was not correlated with salivary
S. mutans. By immunohistochemistry we localized HNP1-3 in submandibular salivary duct cells. HNPs are also
released by neutrophils into the gingival crevicular fluid. Both sources may account for their presence in saliva.
Low salivary levels of HNP1-3 may represent a biological factor that contributes to caries susceptibility. This
observation could lead to new ways to screen for caries susceptibility and to new means of assessing the risk
for this common oral problem.

Dental caries is a common disease process that afflicts a
large proportion of the world’s population. Extensive research
indicates that dental caries is the result of a bacterial infection
(18) but also is influenced by host and dietary factors (11).
Current research seeks to identify risk factors for caries as well
as to identify natural oral defenses that may protect against or
prevent caries development. Salivary defense systems play a
significant role in maintaining the health of the oral cavity and
preventing caries. These defenses include factors which inhibit
or reverse demineralization of exposed tooth surfaces, such as
simple mechanical rinsing, buffering action, and calcium phos-
phate binding proteins as well as antimicrobial activities in-
cluding microorganism aggregation and clearance from the
oral cavity, immune surveillance, and the secretion of antimi-
crobial peptides (AMPs) (38).

AMPs are natural antibiotics that provide a first line of
defense against a wide spectrum of pathogens (8, 40, 41).
These peptides may be particularly important in the oral cavity,
where members of the microbial flora are present in high

numbers at all times. The three main AMP families are defined
by amino acid composition and three-dimensional structure:
�-helical peptides without cysteine (the cathelicidins) (1), pep-
tides with three disulfide bonds (the �- and �-defensins) (8, 9),
and peptides with an unusually high proportion of specific
amino acids, for example, the histatins (26).

Recent research suggests the importance of the defensins
and the cathelicidins as antibacterial agents in the oral cavity
(5), while histatins are primarily antifungal agents (26). The
human �-defensins (hBDs) are widely expressed in oral tissues
and in the gingival epithelium (6, 7, 42). hBD1 and -2 have also
been detected in salivary glands and ducts and in saliva (3, 31).
The �-defensins HNP1 to -3 are expressed in neutrophils and
participate in nonoxidative microbial death (9) and have been
identified in gingival crevicular fluid (21). The human catheli-
cidin peptide LL37 is found in neutrophils and inflamed epi-
thelia as well as in saliva (23). Both the mRNA and protein for
cathelicidin peptides have been localized to the salivary glands,
specifically in acinar cells of the submandibular gland and
palatine minor glands, as well as in lingual epithelium and
palatal mucosa in mice (23) and submandibular duct cells in
humans (39). This pattern of expression suggests that both the
defensins and LL37 could have a role in protecting the tooth
structure from caries as well as protecting oral mucosa.

The defensins and cathelicidins have broad antimicrobial
activity against gram-negative and gram-positive bacteria and
Candida albicans and are effective in vitro against oral micro-
organisms such as Streptococcus mutans, Porphyromonas gingi-
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valis, and Actinobacillus actinomycetemcomitans (5, 13, 25, 35).
The cathelicidins and �- and �-defensins act synergistically
with other antimicrobials (19, 24). Thus, the coexpression in
saliva of cathelicidins and defensins with peptides such as
histatin, proline-rich proteins, and calprotectin may provide a
natural antibiotic barrier (38). The purpose of this study was to
determine a possible correlation between AMP levels in saliva
and caries experience in children. We also tested for a known
genetic polymorphism in the gene encoding hBD1 (14) and for
salivary bacterial load of Streptococcus mutans, the major caus-
ative organism for caries (18). We show extensive variation in
AMP levels between individuals. Our findings suggest that low
salivary levels of HNP1-3 (a mixture of HNP1, 2, 3) may con-
tribute to caries susceptibility and could be a new and useful
measure of the risk for caries in children.

MATERIALS AND METHODS

Participants and oral examination. One hundred forty-nine children partici-
pated in the study. A brief health history survey was completed by parents of the
subjects. Oral examinations were performed by trained calibrated clinicians using
standardized procedures. The study was conducted with the permission of school
officials, and informed consent of subjects and parents was obtained through an
educational session and written bilingual consent in accordance with a protocol
approved by the University of Washington Institutional Review Board. Examin-
ers were instructed to rank subjects separately for active caries and for filled
surfaces as follows: 0, no decayed or filled surfaces; 1, mild (one or two affected
surfaces); 2, moderate (three to six affected surfaces); 3, severe (more than six
affected surfaces). The final caries experience score was determined as the sum
of the scores for active decay and filled surfaces. Oral examinations and sample
collection were conducted over a 2-day period primarily in the morning.

Salivary analysis. Unstimulated saliva was collected (3 to 5 ml), the detergent
Nonidet P-40 (Sigma, St. Louis, MO) was added to a final concentration of 0.1%,
and the sample was frozen for later analysis. Saliva was thawed and cleared by
centrifugation twice at 15,000 rpm for 10 min. Total protein concentration was
evaluated in the supernatant (cleared unfractionated saliva) by bicinchoninic
acid assay (Pierce Inc., Rockford, IL). Cleared unfractionated saliva was also
used for the HNP1-3 enzyme-linked immunosorbent assay according to the
manufacturer’s instructions (HyCult Biotechnology, Uden, The Netherlands).
Aliquots (200 �l) of supernatant were acid extracted by the addition of an equal
volume of 1 M HCl/1% trifluoroacetic acid overnight with mixing in the cold
(23). The sample was centrifuged, and the supernatant was concentrated by
vacuum evaporation and resuspended in distilled water equal to the starting
sample volume. Acid-extracted saliva was used for immunoassay of LL37 and
hBD3. LL37 was assayed by slot blot using an assay kit (Phoenix Pharmaceuticals
Inc., Belmont, CA). hBD3 was assayed by slot blot using polyclonal antibody to
hBD3 (Orbigen Inc., San Diego, CA). The peptide standard for hBD3 was from
Peptides International, Inc. (Louisville, KY). Statistical analysis for association
of AMP levels with caries score was done using the Kruskal-Wallis nonparamet-
ric test based on rank and designed for nonnormally distributed data.

Salivary bacterial analysis. The levels of S. mutans and closely related strep-
tococcal species in whole saliva were determined using DNA-DNA hybridization
with radiolabeled rRNA probes (29). Briefly, 50 �l of cleared undiluted saliva
and 100 �l of saliva serially diluted 10-fold (10�1 to 10–5) were applied to
GeneScreenPlus membranes (Perkin-Elmer Life Sciences, Boston, MA) using a
slot blot apparatus under vacuum. The membranes were prepared as previously
described to precipitate the bacterial DNA in place and then hybridized with
32P-labeled oligonucleotide probes including SM010, SM002, and SSP001 for
detection of bacterial ribosome RNA sequences encoded in DNA. The probes
are specific for mutans streptococci (S. mutans and Streptococcus sobrinus), but
not Streptococcus mitis, Streptococcus sanguis, or Streptococcus pneumoniae. Pos-
itive controls were included with each experiment. The number of the greatest
dilution at which positive hybridization was detected reflects the salivary load of
bacteria (mainly S. mutans) associated with caries. Data were analyzed using
Pearson’s chi-square test.

Genetic analysis. Buccal swabs were collected and genomic DNA extracted
using the Epicenter (Madison, WI) kit. The genomic DNA was purified with the
QIAGEN (Valencia, CA) QIA Quick kit and used for single-nucleotide poly-
morphism (SNP) analysis. DEFB1 SNP analysis was performed by the TaqMan
technique as previously described (14) and completed for 144 samples.

Immunohistochemistry. Formalin-fixed sections were evaluated for expression
of LL37 and HNP1-3 using the ABC technique (Vector Laboratories, Burlin-
game, CA). Briefly, sections were deparaffinized, rehydrated, and treated with
antigen-unmasking solution (Vector Laboratories). Endogenous peroxide was
blocked using 1% hydrogen peroxide/Tris-buffered saline for 30 min. Sections
were blocked with appropriate sera and incubated with the primary antibody
overnight before visualization with ABC reagents using 3,3�-diaminobenzidine as
the substrate. Methyl green counterstain (KPL, Gaithersburg, MD) was used to
visualize tissue morphology. The antibodies used were polyclonal rabbit anti-
LL37 (Phoenix Pharmaceuticals, Inc., Belmont, CA) and monoclonal antibody
clone D21 anti-HNP1-3 (Cell Sciences, Canton, MA). Histological sections of
minor salivary glands were obtained from the Division of Oral Pathology, School
of Dentistry, University of Washington, in accordance with Institutional Review
Board procedures (29). Commercially available histological sections of human
submandibular glands were from Spring Biosciences (Fremont, CA).

RESULTS

Demographics and caries experience. Eighty-eight females
and 61 males participated in the study. All children were be-
tween 11 and 15 years of age. Most of the population was
Hispanic with some Native Americans and Caucasians. Over-
all, the children were healthy, with 92% having no history of
major illness or disease. The most commonly reported medi-
cation was for asthma. One subject reported current use of an
antibiotic. Oral examination showed that 80% of the children
had permanent dentition, 20% had mixed dentition, 6% had
missing teeth, and 11% had loose teeth. Sixty-five percent of
the population reported having regular dental care. Gingivitis
was noted in only a small number of subjects (less than five);
one subject had a stainless steel crown and two subjects had
orthodontic appliances. Fifty-three subjects (36%) had no de-
cay; 37 (24%), 39 (27%), and 20 (13%) had caries scores of 1,
2, and 3 or greater, respectively.

Salivary analysis. The median protein concentration of un-
stimulated saliva samples (n � 144) was 1,485 �g/ml (range
from 421 to 7,052 �g/ml). The salivary protein concentration
showed no correlation with age, gender, or caries score. This
value agrees with previously reported total protein concentra-
tion for this age group (2). AMP concentrations were in the
�g/ml range. AMP levels were also normalized to the protein
concentration in whole saliva for each sample. Results are
summarized in Table 1. HNP1-3, hBD3, and LL37 all showed
extensive variation in concentration in our population, even
when normalized to total salivary protein levels. Median values
for HNP1-3, hBD3, and LL37 were 0.61, 0.31, and 3.07 �g/ml,
respectively.

Relationship of salivary AMPs and caries experience. In
order to evaluate the relationship of AMP expression and
caries experience in the population, we used the Kruskal-Wal-
lis nonparametric test based on rank. We found a significant
difference in the level of HNP1-3 among different caries groups
(P � 0.004). Differences were observed for both the median
level of salivary HNP1-3 concentration (�g/ml) and salivary
HNP1-3 relative to salivary protein (�g/mg). The median
HNP1-3 concentration was 0.89 �g/ml, with an (interquartile
range of 0.24 to 0.9) for the caries-free group (n � 51) and 0.5
�g/ml (interquartile range, 0.24 to 0.9) for all subjects with
evidence of caries (n � 92). The HNP1-3 value relative to total
salivary protein was 0.67 �g/mg protein (0.38 to 0.93) in the
caries-free group and 0.33 �g/mg protein (0.19 to 0.59) in the
combined caries group (P � 0.004) (Fig. 1A and B). Similar
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analysis for LL37 is shown in Fig. 1E and F. The results showed
the same trend with higher levels of LL37 in the no caries
group than in those with caries, but results were not statistically
significant. hBD3 concentration in saliva and the level of hBD3
relative to protein showed no significant difference among the
population or between the different caries groups (Fig. 1C and
D).

Additional analyses showed that HNP1-3 concentration was
positively correlated with total salivary protein (Spearman’s
rank correlation [r] � 0.239; P � 0.001). HNP1-3 concentra-
tion was also correlated with LL37 (r � 0.506, P � 0.001). As

suggested above, HNP1-3 concentration was negatively corre-
lated with caries score (r � �0.281), and the correlation is
significant at the 0.001 level (P � 0.001). No correlation was
found between salivary hBD3 level and any other variables.

To further examine the relationship of HNP1-3 with caries,
the HNP concentration range was evaluated in subjects with no
caries compared to those with caries (Fig. 2). An increasing
proportion of subjects had no caries as the HNP concentration
increased; 90% of the subjects with HNP1-3 levels of �0.25
�g/ml (n � 26) had caries, but only 47% of the subjects with
HNP1-3 levels greater than 1.0 �g/ml (n � 38) had caries.

Immunohistochemical localization of AMPs. The presence
of HNP1-3 in saliva, especially in some individuals with levels
more than twice the median concentration, and the overall
greater level in caries-free children, were unexpected. There
was no evidence that those with high HNP1-3 levels had loose
teeth, which might lead to the presence of increased blood and
neutrophils in their saliva, which would be expected to con-
tribute to elevated HNP1-3. To clarify the possible source of
AMPs in saliva, immunohistochemistry was performed on pre-
viously biopsied minor salivary gland samples from adult sub-
jects (unrelated to the subjects in the caries study) and in
commercially available histological sections of human subman-
dibular glands (Spring Biosciences, Fremont, CA). Positive
immunohistochemical reaction for both HNP1-3 and LL37 was
seen in duct cells in submandibular glands (Fig. 3B and C) and
in minor salivary glands (not shown). As expected, neutrophils
in these biopsy samples stained positively for 	
P1-3 and
LL37. No staining for HNP1-3 was detected in the mucosal
epithelium present in the same biopsy samples, while, in con-

FIG. 1. AMP levels in saliva as a function of caries score. (A, C,
and E) HNP1-3 (A), hBD3 (B), and LL37 (C) concentrations in saliva,
expressed as �g/ml; (B, D, and F) HNP1-3, hBD3, and LL37 levels
relative to salivary protein in �g/mg protein. The caries-free group
showed significantly higher HNP1-3 concentration (A) than each of
the groups with caries.(**, P � 0.01) and significantly higher concen-
tration than the combined caries groups (P � 0.004). Also, the HNP1-3
level relative to salivary protein (B) in the caries-free group is signif-
icantly higher than each of the caries groups (**, P � 0.01) and the
combined caries groups (P � 0.004). For LL37, even though no sig-
nificant difference was found among the groups with or without caries,
the LL37 level relative to salivary protein (F) shows a trend of de-
creasing level in higher caries score groups. There is no evidence of
association of hBD3 with caries (C and D). Box plots show the median
and 25 to 75% range, with error bars indicating 5% and 95% intervals.

FIG. 2. HNP1-3 values and caries in the population. The number of
subjects with no caries (open bars) compared to those with caries
(filled bars) with HNP1-3 concentrations (�g/ml saliva) in the ranges
indicated. Note that an increasing proportion of subjects had no caries
as the HNP concentration increased.

TABLE 1. Salivary antimicrobial peptide levels

Peptide Sample no.
Concn (�g/ml) Concn relative to total salivary protein

(�g/mg salivary protein)

Median 25%–75% Minimum Maximum Median 25%–75% Minimum Maximum

HNP1-3 143 0.61 0.39–1.09 0.06 10.50 0.43 0.25–0.74 0.04 6.96
LL37 127 3.07 1.72–4.83 0.12 12.0 2.29 1.05–3.15 0.07 25.33
hBD3 133 0.31 0.10–0.89 0 6.21 0.23 0.06–0.68 0 4.36
Total protein 144 1,485 1,101–1,905 421 7,052
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trast, a strong reaction for LL37 was found in the mucosal
epithelium (not shown).

Salivary S. mutans. We next asked if salivary AMP peptide
levels were associated with the presence of S. mutans in whole
saliva. Fifty-one samples were assayed for the level of salivary
mutans streptococci, 31 from the caries group (with caries
score �2) and 20 from the caries-free group, using DNA-DNA
hybridization with radiolabeled DNA probes for rRNA se-
quences (29). All samples gave a positive hybridization signal
with the initial saliva sample (dilution, 1:2). Subjects in the
caries group showed detectable salivary bacterial DNA at di-
lutions of 1:2, 1:10, and 1:100 in 90% of the subjects. In con-
trast, the caries-free group showed detectable bacterial DNA
over a wide range of dilutions (1:2 to 1:100,000), with 65% only
at the lower dilution, 1:2 to 1:100, levels (Fig. 4). Thus, the
caries group generally had lower levels of salivary mutans
streptococci than the caries-free group. The salivary bacterial
level did not correlate with presence of active decay or total
decay. Salivary concentrations of 	
P1-3, hBD3, and LL37
were analyzed as possible explanations for the variation in
bacterial levels in saliva, but no correlation was detected with
the AMP levels.

DEFB1 SNP analysis. Finally, we examined a genetic SNP in
the DEFB1 gene, encoding hBD1. hBD1 is a constitutively
expressed �-defensin, although the expression of hBD1 mRNA
is known to vary between individuals (17). The level of salivary
hBD1 peptide was not determined due to the lack of sensitive
immunoassay. However, two SNPs lie within the 5� untrans-
lated region of the mRNA that could alter the amount of
peptide expressed. We previously showed that the DEFB1
SNP (�44 C3G) is associated with oral Candida levels (14),
and this SNP is also associated with resistance to human im-
munodeficiency virus (HIV) infection in infants of HIV-posi-
tive mothers (4). We assayed the SNPs at positions �20
(A3G) and �44 (C3G) by a TaqMan assay. The frequencies

of the �20 and �44 SNPs were 61% and 28%, in agreement
with previous work (15). There was no significant association
of either hBD1 SNP with caries experience. In addition, for
samples in which the �20/�44 haplotype could be determined
unambiguously (n � 108), there was no association of any
haplotype with caries experience.

DISCUSSION

There are several new findings of this study. First, HNP1-3,
LL37, and hBD3 are all detectable in saliva but show extensive
variation in concentration between subjects. The concentration
of AMPs in unstimulated saliva of children has not been pre-
viously reported, although healthy adults had a mean value of
0.8 �g/ml HNP1-3 (22). Second, salivary HNP1-3 is signifi-
cantly greater in caries-free children than in those with caries.
Third, HNP1-3 is detectable in salivary duct cells, suggesting
that salivary glands express �-defensins as well as �-defensins
and LL37. Finally, two other potential risk indicators, the
hBD1 SNP, previously shown to be correlated with oral Can-
dida load, and the salivary mutans streptococci level, do not
correlate with caries experience. Further, salivary mutans
streptococcus level is not correlated with the concentration of
the AMPs tested.

Mutans streptococci are considered to be the main etiolog-
ical agent for caries, and salivary levels have been used as an
indictor of caries risk (27, 33, 37), although use of salivary
mutans streptococci by itself as a risk factor for caries is con-
troversial due to the multifactorial nature of the disease pro-
cess (10, 16). Our results showing the tendency to lower levels
of salivary mutans streptococci in children with caries may be
a reflection of increased adherence of bacteria to the tooth
surface or may be due to the presence of strains that are more
adherent and/or more cariogenic (30). Many salivary protein
components, such as proline-rich glycoprotein, mucins, immu-
noglobulins, agglutinin, lactoferrin, cystatins, and lysozyme,
are thought to have a role in defense in the oral cavity (38).

FIG. 3. AMP expression in submandibular salivary gland. Immu-
nohistochemistry for HNP1-3 and LL37 shows positive reactions in
duct cells of submandibular glands. (A) Hematoxylin and eosin stain.
(B) HNP1-3 immunostaining with monoclonal antibody D21 was pos-
itive in salivary duct cells and neutrophils (inset). (C) LL37 immuno-
staining was also positive in duct cells. (D) Negative control without
primary antibody. An isotype-specific control for the HNP1-3 mono-
clonal antibody was also negative (not shown). Original magnification,
�40.

FIG. 4. Salivary mutans streptococcus (MS) levels in no-caries and
high-caries (caries score � 2) children by DNA-DNA hybridization
with radiolabeled rRNA probes. White bars indicate the percentages
of the group with positive MS detectible in the range of 1:2 to 1:100
dilution. Black bars indicate percentages with MS detectible in the
range of 1:1,000 to 1:10,000. In the high-caries group, a significantly
higher percentage of subjects had detectible MS only at low salivary
dilutions. Thus, 90% of children with high caries (compared to 65% of
children with no caries) had low salivary MS bacterial levels. Pearson’s
chi-square test yielded a P of 0.001.

3886 TAO ET AL. ANTIMICROB. AGENTS CHEMOTHER.



Numerous studies have investigated the correlation between
these salivary proteins and glycoproteins and caries experience,
but no studies have shown reliable association between a single
salivary component and caries experience (16, 36).

The importance of antimicrobial peptides in innate immu-
nity and oral health is now widely recognized. For instance,
deficiencies in LL37 and in �-defensins are related to the
occurrence of early-onset periodontal disease in the morbus
Kostmann syndrome (28). The AMP levels found in saliva in
this study are in the range of effective antimicrobial function,
especially considering the low salt concentration in saliva and
the synergistic action of the peptides (19, 24). Thus, the cor-
relation of a salivary cationic AMP with caries experience
suggests the possible protective effect of HNP1-3. Conversely,
low levels of HNP1-3 may result in increased susceptibility to
caries.

Within the oral cavity, LL37, and �-defensins are expressed
in oral epithelial tissues including salivary glands (3, 5, 7, 23,
39). In addition, we show expression of HNP1-3 by immuno-
histochemistry in submandibular salivary duct cells. The pres-
ence of both HNP1-3 and LL37 in submandibular glands,
which are the major source of unstimulated saliva, suggests
that these cells may be a source of AMPs in saliva. An addi-
tional source for both of these peptides in saliva is the neutro-
phils that migrate into the oral cavity via gingival crevicular
fluid. In healthy individuals it has been estimated that 30,000
neutrophils per minute enter the oral cavity via this route
through the junctional epithelium surrounding the teeth (32).
Our results suggest that both neutrophils and duct cells are a
source of HNP1-3 and that �-defensins are part of the exten-
sive antimicrobial armamentarium of saliva.

Salivary AMP concentrations showed large variation be-
tween individuals, with a significantly higher level of salivary
�-defensins HNP1 to -3 in children with no caries. The salivary
levels of HNP1 to -3 antimicrobial peptides may represent a
genetically determined factor that contributes to caries suscep-
tibility. The large variation in the concentration of �-defensins
in saliva could be due to previously demonstrated polymor-
phisms in sequence and copy number in the genes encoding
these peptides (12, 20), as well as to variations in neutrophil
efflux via the gingival fluid.

The prediction of caries risk has been of long-standing in-
terest and is very important for development of new preven-
tative strategies for caries. This is especially significant for
young children and for children with special health care needs.
Saliva is an easily available fluid which can be collected non-
invasively and used to measure and monitor the risk for caries
(34). The assay for HNP1-3 is easy to perform and can be done
in less than 0.5 ml crude whole saliva. Based on our study
design, we cannot yet determine if the level of salivary �-de-
fensin is predictive of future caries, but we have shown that
children with caries have a significantly lower median value of
�-defensins based on both the volume of saliva and relative to
the concentration of total salivary protein. Thus, low salivary
levels of �-defensins (HNP1 to -3) could be a new and useful
measure of the risk for caries in children. Future studies could
lead to development of means to enhance endogenous oral
peptide expression, utilization of these peptides as therapeu-
tics, and to a simple test for clinical evaluation of caries risk.
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